Exogenous N-linoleoyl tyrosine marker as a tool for the characterization of cellular oxidative stress in macrophages.
Oxidative stress and its resultant products continue to attract investigators. Numerous endogenous substances have been suggested as potential markers for the identification of oxidative stress in tissues and organisms. In this study, we present a novel concept whereby an exogenous marker is designed and synthesized for the characterization of oxidative stress. The designed marker is constructed from tyrosine (Tyr) and linoleic acid (LA), which are attached covalently to form N-linoleoyl tyrosine (N-LT). Each of the two components (Tyr and LA) is known to be easily oxidized upon exposure to different types of reactive species. Combining the two allows their distinction from the endogenous Tyr and LA in the tested biological samples. The ability of the N-LT marker to characterize oxidative stress in macrophage cell lines was first studied using different types of ROS/RNS. N-LT was found to interact with macrophages, binding to the cell membrane. Upon treatment of J-774 A.1 macrophages with N-LT (40 microM) and with various oxidants; HOCl (0.2, 0.4 mM), copper ions (20 microM), SIN-1 (0.1, 1.0 mM), specific oxidized N-LT (Ox-N-LT) products were formed, depending on the type of oxidant used. Exposing cells to HOCl (0.2 mM) resulted in exclusive attack of the LA residue of N-LT, preferentially forming an adduct of HOCl to the LA double bond (N-L(HOCl)T, 4.3%). In contrast, when SIN-1 (0.1 mM) was applied as the oxidant, the Tyr moiety of N-LT was most reactive, yielding a nitration product of the Tyr aromatic ring (N-LT(NO(2)), 1.8%). Similar N-LT oxidation in cell-free systems yielded a significantly higher content of Ox-N-LT (10.8% N-L(HOCl)T, 7% N-LT(NO(2)). The designed marker was then tested with peritoneal macrophages taken from atherosclerotic apolipoprotein-deficient (E(0)) mice showing specific and selective oxidation of N-LT to yield N-LT-hydroperoxide (1.9% N-L(OOH)T), at significantly higher levels than resulted from similar experiments using peritoneal macrophages harvested from control BalbC mice (0.0% N-L(OOH)T). In contrast, the differences in N-L(epoxy)T level between BalbC and E(0) mice were not significant using both types of peritoneal macrophages (E(0) and BalbC), suggesting that N-L(OOH)T is characteristic of the atherosclerotic state. Thus, we show that the designed marker is sufficiently sensitive to detect oxidative stress imposed on cells and cell-free systems and to react selectively with the various ROS/RNS induced. Such a marker may be useful for characterizing oxidative stress in general, and possibly also in oxidative-stress-associated diseases.